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REMARKS 

The Office Action of November 18, 2002 has been received and its contents carefully 
noted. In response, the application has been revised in the manner summarized below. 

Revisions to the Application 

A substitute specification is appended to this Amendment as Attachment A in order to 
improve the idiomatic English and correct inadvertent informalities. Attachment A also includes 
a marked-up copy of the original specification, showing the changes that have been included in 
the substitute specification. 

Pursuant to 37 CFR 1 .125, the undersigned attorney states that he believes that the 
attached substitute specification contains no new matter. The Examiner is urged to review the 
marked-up copy to confirm for himself that new matter has not been added. 

The new title that is required by Section 2 of the Office Action is included in the 
substitute specification. 

The present Amendment also cancels the claims drawn to the non-elected invention (that 
is, claims 1-8). Additionally, the present Amendment revises the remaining claims. Claim 12 
has been placed in independent form as part of these revisions. The reason is that independent 
claim 9 specifies that a lead fi-ame has a "protrusion," and it might be argued that a locally 
roughened face (as shown in Figure 5 of the application's drawings, for example) cannot 
accurately be characterized as a protrusion. 

Finally, the present Amendment adds new claims 16-21 in order to fijrther protect the 
invention. Claim 18 is independent and the rest of the new claims are dependent. 

The Rejections on the Prior Art 

Section 5 of the Office Action rejects claims 9-15 for obviousness on the basis of Orcutt 
in view Akram et al (which will hereafter be called simply "Akram"). For the reasons discussed 
below, however, it is respectfiilly submitted that the inventions defined by the independent 
claims now pending in the present application are not suggested by these references. 
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Independent claim 9 now recites a step (a) of preparing a lead frame that has "a 
protrusion." Later, claim 9 recites a step (e) of holding a lead frame between first and second 
molding die members "such that the protrusion is disposed opposite to" a substantially spherical 
terminal that is disposed in a cavity in the first molding die member. It is respectfully submitted 
that the references have nothing to say about a protrusion on the lead frame, or where such a 
protrusion should be located with respect to a substantially spherical terminal. 

Near the middle of page 3, the Office Action acknowledges that the Orcutt reference does 
not disclose a protrusion portion on a lead fi-ame. However, the Office Action then refers to 
Figure 5 of Akram, and contends that this Figure discloses an analogous semiconductor 
packaging with a lead frame 12A with a protrusion 48. Applicants respectfully disagree. Akram 
uses references number 12 in his Figure 5 (reference number 12A appears in Akram's Figure 4 A) 
to identify an insulating substrate (see paragraph [0047] of the reference) of an "interconnect" 
that is used during testing of semiconductors. In Akram's Figure 5, the semiconductor is 
identified by reference number 18. It has a bumped contact 16 that is attached to a pad 19. 

Accordingly, it is respectfully submitted that the Akram reference would not have 
provided an incentive for an ordinarily skilled person to modify Orcutt's method in accordance 
with steps (a) and (e) of independent claim 9. Moreover, it is respectfully submitted that an 
ordinarily skilled person who wanted to improve Orcutt's method should not be presumed to 
know about the Akram reference in the first place. The reason is that Akram is in a non- 
analogous art. A person who is ordinarily skilled in the semiconductor packaging art should not 
be presumed to be familiar with prior art in the semiconductor testing field. 

Independent claim 12 includes a step (a) of preparing a lead firame that has "a locally 
roughened face." Later, a step (e) provides that the lead firame is held between first and second 
mold members such that the locally roughened face is disposed opposite to a substantially 
spherical terminal in a cavity of the second molding die member. Later still appears a "wherein" 
clause which recites that "step (e) further comprises causing the locally roughened face to press 
against the substantially spherical terminal." There is nothing in the Akram reference that would 
have led an ordinarily skilled person to modify Orcutt's method by roughening a portion of 
Orcutt's lead frame and pressing this locally roughened portion against Orcutt's solder ball. 
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Independent claim 14 provides that a first mold die has a cavity with a through hole at the 
bottom thereof. A substantially spherical terminal on a lead fi-ame is placed in this cavity. Claim 
14 recites the step of "absorbing air existing between said substantially spherical terminal and 
said bottom of said cavity via said through hole to urge said substantially spherical terminal 
against the inner side of said cavity." The bottom paragraph on page 3 of the Office Action 
draws attention to a through hole 40 in Akram's Figure 7F, and comments that it is used "to inject 
or suck out air, gas, or liquid pressure in the cavity." This comment is only partially true. 
Akram's through hole 40 is used only to attain an elevated pressure inside Akram's cavity 20B 
(see paragraphs [0072] and [0084]), and not to attain a reduced pressure in the cavity. 
Furthermore, Akram's cavity 20B is not equivalent to a cavity that is provided in a molding die 
and that holds a substantially spherical terminal. 

Independent claim 1 5 provides that a first mold die has a through hole in the bottom of a 
cavity, with a portion of a substantially spherical terminal that is placed in the cavity being 
exposed to reduce pressure via the through hole. For reasons along the lines discussed above 
with respect to claim 14, it is respectfully submitted that this is not suggested by the references. 

Finally, independent claim 18 provides that a lead has a bottom side with a downwardly 
extending protrusion. In step (c) of claim 18, mold dies are moved to a closed state, and 
simultaneously the protrusion is pressed against a solder ball. Neither reference, though, 
suggests pressing a protrusion on a lead against a solder ball while a semiconductor is being 
packaged. 

Since the remaining claims depend fi'om the independent claims discussed above and 
recite additional limitations to further define the invention, they are patentable along witii their 
independent claims and need be further discussed. 
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Conclusion 



For the foregoing reasons, it is respectfully submitted that the rejections for obviousness 
should be withdrawn. 

It is noted that one independent claim has been cancelled in this Amendment but two 
have been added. Accordingly, an additional claim fee of $84 is included in a remittance that is 
being submitted concurrently. Once again, though, if this remittance is accidentally missing, or if 
any additional fees are needed (including extension of time fees, since Applicants hereby 
provisionally petition for any extensions that may be deemed necessary to avoid abandonment), 
the Commissioner may charge such fees to our D^sit Account number 18-0002. 

It is noted that an Information Disclosure Statement is being filed concurrently. 

In view of the foregoing, reconsideration of the application is respectfully requested. 



Respectfully submitted. 



February 28. 203 
Date 
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SUBSTITUTE SPECIFICATION ■ MARKED-UP 




METHOD FOR FABRICATING A SEMICONDUCTOR PACKAGE AND METHOD 



OF FABRICAT I NG SAME HAVING SOLDER BALLS 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The invention relates to a semiconductor package and a method of 
fabricating the same, and in particular, to a ball grid array package, and a method 
10 of fabricating the same. 

This application is a counterpart of Japanese Patent Application, Serial 
Number 243274/2001, filed August 10, 2001, the subject matter of which is 



incorporated herein by reference. 



15 Description of the Related Art 

A conventional method of fabricating a semiconductor package is disclosed 
in Japanese Patent Laid-Open No. 274367/1999. The conventional 
semiconductor package comprises a lead frame on which solder balls are formed, 
a first molding die member in which cavities for receiving the solder balls are 
20 formed, and a second molding die member to be engaged with the first molding 

1 



die member. The conventional method of fabricating the semiconductor pacl^age 
comprises the steps of disposing a plastic layer in each of the cavities of the first 
molding die member, disposing the solder ball on the plastic layer, causing the 
solder ball to be deformed on the plastic layer by engaging the first molding die 
5 member with the second molding die member, and filling up a gap between the 
first molding die member and the second molding die member with a sealing resin, 
thereby fabricating the semiconductor package. Further, in the step of sealing, 
the sealing resin inside the respective cavities is prevented from covering the 
surface of the respective solder balls. 

10 With the conventional method of fabricating the conventional semiconductor 

package as described above, however, in order to ensure electrical connection 
between respective leads and the respective solder balls, the respective solder 
balls are connected beforehand to the respective leads of the lead frame, 
corresponding thereto, prior to the step of the sealing with the resin. 

15 As a result of such work for connecting the respective solder balls with the 

respective leads, both are connected with each other with certainty. However, 
since such connection of the solder balls is implemented through fusion of the 
solder balls by heating, the surfaces of the solder balls get oxidized when the 
solder balls are exposed to a high temperature. Furthermore, with the 

20 conventional method as described above, the respective solder balls are 



subjected to heating through the intermediary of both the first and second molding 
die members again in the step of the sealing with the resin as described above. 
As a result of such heating applied twice, the respective solder balls serving as 
respective connection terminals are prone to growth of an oxide film on the 

5 surface thereof, and such growth of the oxide film is detrimental to reliable and 
easy soldering work between the respective solder balls and printed wiring when 
mounting the semiconductor package on, for example, a printed wiring board. 
Accordingly, in order to enable the reliable and easy soldering work to be 
implemented, there are times when a step of removing the oxide film from the 

10 surface of the respective solder balls is required prior to the soldering work. 

Further, with the conventional method as described above, there is the need 
for using a special type plastic layer free from a risk of bonding with a resin 
material and the solder balls in order to prevent intrusion of the resin material into 
a gap formed between the respective cavities of the first molding die member and 

15 the respective solder balls, and further, the steps of disposing the special type 
plastic layer inside the respective cavities, and peeling off the same are required, 
resulting in an increase in material cost, and complexity in a fabrication process, 
and thereby raising a risk of an increase in fabrication cost. 



20 SUMMARY OF THE INVENTION 
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It is therefore an object of the invention to provide a semiconductor paclcage 
wherein oxidation of the surface of solder balls is minimized. 

It is another object of the invention to provide a method of fabricating the 
semiconductor package wherein oxidation of the surface of the solder balls is 
5 minimized. 

It is still another object of the invention to provide a method of fabricating the 
semiconductor package wherein intrusion of a resin material for sealing around 
the solder balls can be prevented in a sealing process by use of the resin 
material. 

10 According to one aspect of the invention, in order to achieve the objects as 

described above, there is provided a method of fabricating a semiconductor 
package comprising a step of preparing a lead frame provided with a spherical 
temiinal, a step of preparing a first molding die member having a cavity with a 
through hole defined in the bottom thereof, a step of preparing a second molding 

15 die member to be engaged with the first molding die member, a step of holding 
the lead frame between the first and second molding die members such that the 
spherical terminal Is disposed In the cavity, a step of sucking in the spherical 
terminal via the through hole, and a step of Injecting a molding composition 
between the first and second molding die members. 

20 The above and further objects, and novel features of the invention will be 



more fully apparent from the following d etailed description, appended claims and 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a view showing the steps of fabricating in a first embodiment of a 

method of fabricating a semiconductor package according to the invention; 

Fig. 2 Is a partly sectional view of the semiconductor package obtained by 
the first embodiment of the method of fabricating the semiconductor package; 

Fig. 3 is a view showing the steps of fabricating in a second embodiment of a 
10 method of fabricating a semiconductor package according to the Invention; 

Fig. 4 Is a partly sectional view of the semiconductor package obtained by 
the second embodiment of the method of fabricating the semiconductor package; 

Fig. 5 is a partly enlarged sectional view of a third embodiment of a method 
of fabricating a semiconductor package according to the Invention, showing a part 
15 of a lead frame; 

Fig. 6 is a view showing the steps of fabricating in a fourth embodiment of a 
method of fabricating a semiconductor package according to the Invention; and 

Fig. 7 is a view showing the steps of fabricating In a fifth embodiment of a 
method of fabricating a semiconductor package according to the invention. 

20 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the invention are described in detail hereinafter with 
reference to the accompanying drawings. 
First Embodiment 

5 Fig. 1 shows a first embodiment of a method of fabricating a semiconductor 

package according to the invention. 

As shown in Fig. 1 (A), with the first embodiment of the method of fabricating 
the semiconductor pacl^age according to the invention, use is made of a molding 
die 10 comprising an upper molding die member 10a, and a lower molding die 
10 member 1 0b having a cavity 1 1 . 

Both the upper and lower molding die members 10a, 10b, composing the 
molding die 10, have die faces 13a, 13b, respectively, which are disposed 
opposite to each other, and are movably held together In such a way as to allow 
the die faces 13a, 13b to move in a direction in which the die faces 13a, 13b 
15 approach each other as well as in a direction in which the die faces 13a, 13b 
move away from each other while being retained by a clamping mechanism (not 
shown) so as to be mutually tightened up. 

A recess 15 hemispherical in section for receiving a solder ball 14 for serving 
as a connection terminal of a package is formed on the die face 13b of the lower 
20 molding die member 10b as a first molding die member in such a way as to be 



opened up in the cavity 11. l\/leanwhile, a press-down part 16 is formed at a 
position on the die face 13a of the upper molding die member 10a as a second 
molding die member, corresponding to the position of the recess 15. The 
press-down part 16 is provided on the die face 13a of the upper molding die 
5 member 10a, and is constructed in such a way as to protrude towards the die 
face 13b disposed opposite to the die face 13a. 

Further, a placement system 18 for positioning a lead frame 17 which is to 
serve as an electrically conductive member for a semiconductor integrated circuit 
package is installed between the respective die faces 13a, 13b of the molding die 

10 members 10a, and 10b. 

With the embodiment of the invention as shown in Fig. 1, the placement 
system 18 comprises a guide hole 20 for accommodating a positioning pin 19 so 
as to be protrudable from the die face 13b of the lower molding die member 10b, 
provided in the lower molding die member 10b, an elastic member 21 made up of 

15 a coil spring, for imparting a bias force to the positioning pin 19 disposed inside 
the guide hole 20 towards the protrusion position thereof, and a receptacle 22 
provided on the die face 13a of the upper molding die member 10a so as to be 
able to receive an extremity 19a which is a necked-down part of the positioning 
pin 19. 

20 The lead frame 17 is made of a metallic material, and comprises a support 



17a (refer to Fig. 2) for mounting a semiconductor chip thereon, a plurality of 
leads 17b to be connected to a plurality of bonding wires 23 (refer to Fig. 2) 
extending from the semiconductor chip, respectively, and a peripheral part 17c for 
mutually connecting the leads 17b with each other. A matching hole 24 for 
5 allowing the extremity 19a of the positioning pin 19 to penetrate therethrough is 
defined in the peripheral region of the lead frame 1 7. Further, protrusions 25 
having a tapered tip are formed on a face of the lead frame 17, opposite to the 
die face 13b. 

In Fig. 1 (A), only one of the protrusions 25 in a tapered or wedge-like shape 
10 is shown, however, each of the protrusions 25 is formed at a position 
corresponding to the recess 15 of the respective leads 17b. The height H of the 
respective protrusions 25 preferably has a size equivalent to about 10 to 50% of 
the size of the diameter of the respective solder balls 14 in order to ensure 
bonding without damaging the respective solder balls 14 when the protrusions 25 
15 pierce the solder balls 14, respectively. 

As shown in Fig. 1 (A), with both the upper and lower molding die members 
10a and 10b in as-disengaged state, the solder ball 14 is placed in the recess 15 
provided in the lower molding die member 10b. The solder ball 14 can be 
formed of a eutectic solder in a spherical shape, composed of tin and lead, or an 
20 alloy in a spherical shape, composed of tin, silver, and copper, such as the 
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so-called lead-free solder. 

After the placement of the solder ball 14, the lead frame 17 is disposed 
between the upper and lower molding die members 10a, 10b such that the 
matching hole 24 of the lead frame 17 can allow the positioning pin 19 of the 
5 placement system 18 to penetrate therethrough. 

As a result of disposing the lead frame 1 7 by use of the placement system 
18, the positioning of the lead frame 17 can be implemented between the upper 
and lower molding die members 10a. 10b such that the protrusion 25 provided on 
the respective leads 17b of the lead frame 17 is disposed opposite to the solder 
10 ball 14 corresponding thereto. 

Although not shown in Fig. 1 (A) for brevity in illustration, prior to the 
placement of the solder ball 14 and the lead frame 17 between the upper and 
lower molding die members 10a, 10b, the semiconductor chip 26 is fixedly 
attached to the support 17a of the lead frame 17 beforehand as shown in Fig. 2, 
15 and a pad 27 which is an electric terminal of the semiconductor chip 26 is 
connected to the respective lead 17b via the respective bonding wires 23, 
con^esponding thereto. 

With the first embodiment shown in Fig. 1 (A), prior to the placement of the 
solder ball 14 and the lead frame 17 in the molding die 10, the respective die 
20 faces 13a, 13b of the molding die members 10a, 10b are covered with plastic 
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layers 28a, 28b which are thermally deformable, and formed of, for example, 

ethylene fluoride copolymer, respectively. 

With the molding die 10 in opened-up state, the upper and lower molding die 

members 10a, 10b with the solder ball 14 and the lead frame 17 disposed 
5 therebetween are moved to a clamping position where the die faces 13a, 13b are 

mutually tightened up in a clamping step as shown in Fig. 1 (B), and are retained 

in the clamping position by the clamping mechanism. 

The respective molding die members 10a, 10b are preheated to a 

temperature in a range of, for example, 150 to 220 C, and when both the upper 
10 and lower molding die members 10a, 10b are tightened up together by the 

clamping mechanism, the press-down part 16 provided on the upper molding die 

member 10a presses down the respective solder balls 14 corresponding to the 

protrusion 25 of the respective leads 17b towards the inside of the recess 15. 

The respective solder balls 14 in an atmosphere preheated to a high temperature 
15 are pressed down by the protrusion 25 of the respective leads 17b in a 

atmosphere similarly preheated to a high temperature, whereupon the respective 

solder balls 14 allow the respective protrusions 25 to penetrate the same. 

Accordingly, In the clamping step, the protrus i on protrusions 25 of the 

respective leads 17b penetrates the respective solder balls 14, corresponding 
20 thereto in an atmosphere at a high temperature, and the respective leads 1 7b are 



soldered to the respective solder balls 14 (and mainly with the respective 
protrusions 25 . thereby be i ng ). As a result, the solder balls 14 are securely 
bonded th e r e to electrically and mechanically. 

Further, in the clamping step, the solder ball 14 pushes out portions of the 

5 plastic layer 28b, positioned between the solder bail 14 and the recess 15 
accommodating the solder ball 14, from the recess 15. As a result, residual 
portions of the plastic layer 28b, remaining between the solder ball 14 and the 
recess 15 without being pushed out by the solder ball 14, fill up a gap formed 
between the surface of the solder ball 14 and the sidewall face of the recess 15. 

10 In a sealing step, subsequent to the clamping step, a resin material is fed 

into the cavity 11 defined between the respective die faces 13a, 13b of both the 
molding die members 10a and 10b as shown in Fig. 1 (C). 

In the sealing step, the lead 17b is in a state wherein it is securely bonded to 
the solder ball 14, corresponding to the protrusion 25 thereof, via the protrusion 

15 25, and as shown in Fig. 2, the lead 17b together with a part of the solder ball 14, 
the semiconductor chip 26, and the bonding wire 23 are covered by the resin 
material, thereby forming a sealing member 29 following curing of the resin 
material. 

Further, in the sealing step, the resin material is prevented from making 
20 ifwee sflowina into the gap between the surface of the solder ball 14 and the 
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sidewall face of the recess 15 by the residual portions of the plastic layer 28b, 
filling up the gap between the surface of the solder ball 14 and the sidewall face 
of the recess 15, so that generation of a_burr, that is, flash, covering the solder 
ball 14, can be prevented. 
5 When removing the sealing member 29 formed as a result of curing of the 

resin material from both the upper and lower molding die members 10a, 10b in 
as-disengaged state, the plastic layers 28a, 28b facilitate peeling off of the sealing 
member 29 from both the upper and lower molding die members 10a and 10b. 
After the sealing member 29 is taken out of both the upper and lower 

10 molding die members 10a and 10b, the peripheral part 17c of the lead frame 17, 
exposed from the sealing member 29, is cut off, and thereby the respective leads 
17b are electrically separated from each other. Thus, as shown in Fig. 2, a ball 
grid array package 30 according to the invention is formed. 

With the method of fabricating the semiconductor package according to the 

15 invention, there is no need for keeping the respective leads 17b of the lead frame 
17, in a state as bonded to the respective solder balls 14, prior to the disposition 
of the lead frame 17 between the upper and lower molding die members 10a and 
10b. Instead, secure bonding of both can be implemented in the clamping step 
for tightening up the upper and lower molding die members 10a, 10b by forming 

20 beforehand the protrusion 25, functioning as a bonding promoter, on the 



respective leads 17b. 

Accordingly, since the respective solder balls 14 are exposed to the 
atmosphere at a high temperature only in the clamping step, gro\Arth of an oxide 
film on the surface of the respective solder balls 14 as occurred in the past can be 
checked in comparison with the case of the conventional method. 

As a result, when soldering the respective solder balls 14 of the 
semiconductor package 30 to, for example, a connection 31a of a printed wiring 
board 31, it is possible to prevent faulty connection from occurring due to 
insufficient wettability. 

Accordingly, with the method of fabricating the semiconductor package 
according to the Invention, it is possible to fabricate with relative ease the 
semiconductor package 30 wherein the respective solder balls 14 are reliably and 
securely bonded to the respective leads 17b, and further, growth of an oxide film 
on the respective solder balls 14, interfering with soldering, can be checked. 

The plastic layers 28a, 28b may be dispensed with , how e v e r . However the 
plastic layers 28a, 28b covering the respective die faces 13a, 13b of the 
respective molding die members 10a and 10b are preferably used as described in 
the foregoing in order to facilitate peeling off of the sealing member 29 from both 
the molding die members 10a and 10b, and to prevent generation of bw ^burrs 
covering the respective solder balls 14. 

13 



Second Embodiment 

Fig. 3 shows a second embodiment of a method of fabricating a 
semiconductor package according to the invention, wherein a plated face 125 
5 made up of a solder layer, serving as a bonding promoter, is formed on respective 
leads 17a. In Fig. 3, parts corresponding to those in Fig. 1 are denoted by like 
reference numerals. 

As shown in Fig. 3 (A), the same material as a solder material for a solder 
ball 14 is applied to a part of the respective leads 17a of a lead frame 17, 
10 corresponding to a recess 15, thereby forming the plated face 125. 

As shown In Fig. 3 (B), the plated face 125 made of such a solder material 
as described is pressed onto the solder ball 14 through the intermediary of the 
lead 17b by a press-down part 16 provided on an upper molding die member 10a 
when both the upper molding die member 10a and a lower molding die member 
15 10b are tightened up in a clamping step as with the case of the first embodiment 
of the invention. 

In the clamping step, the lead frame 17 and the solder ball 14 are kept in an 
atmosphere at a high temperature by the agency of both the upper and lower 
molding die members 10a and 10b which are subjected to preheating. As a 
20 result, the plated face 125 provided on the lead 17b is caused to be in a 

14 



semi-fusion state in an atmosphere at a high temperature, so that the lead 17b is 
soldered to the solder ball 14 opposite thereto through the intermediary of the 
plated face 125, thereby being reliably and securely bonded with the solder ball 
14. 

5 In a sealing step, subsequent to the clamping step, a resin material is fed 

into a cavity 11 defined between respective die faces 13a, 13b of both the 
molding die members 10a and 10b as shown in Fig. 3 (C). 

In the sealing step, the lead 17b is in a state wherein it is securely bonded to 
the solder ball 14, corresponding to the plated face 125 of the lead 17b, through 
10 the intemiediary of the plated face 125, and as shown in Fig. 4, the lead 17b 
together with a part of the solder ball 14, a semiconductor chip 26, and a bonding 
wire 23 are covered by the resin material, thereby forming a sealing member 29 
following curing of the resin material. 

Thereafter, a peripheral part 17c of the lead frame 17, exposed from the 
15 sealing member 29, is cut off, thereby electrically separating the respective leads 
17b from each other. Thus, as shown in Fig. 4, a ball grid array package 30 
according to the invention is formed. 

With the second embodiment of the method of fabricating the semiconductor 
package according to the invention as shown in Fig. 3, there is shown a case 
20 where plastic layers 28a, 28b covering the respective die faces 13a, 13b of both 

15 



the molding die members 10a and 10b are used as with the case of the first 
embodiment. The plastic layers 28a, 28b, however, may be dispensed with as 
with the case of the first embodiment. 

In the clamping step, the bonding promoter made up of the plated face 125 
5 contributes to reliable and secure bonding of the respective leads 17b of the lead 
frame 17 with the respective solder balls 14, corresponding thereto. As 
compared with the protrusion 25 shown in the first embodiment, the plated face 
125 is not required to be protruded in a more pronounced way, so that the lead 
frame 17 provided with the bonding promoter as described can be handled with 
10 greater ease during disposing work for disposing the lead frame 17 in a molding 
die 10, and so forth. 

Third Embodiment 

Fig. 5 shows a bonding promoter 225 contributing to easier handling of a 
15 lead frame 17, similar to that in the second embodiment^r^o f. This constitutes a 
third embodiment of a method of fabricating a semiconductor package according 
to the invention. 

Fig. 5 is a partly expanded view of a lead 17b, similar to a part of the lead 
17b provided with the plated face 125 as shown in Fig. 3 (A). 
20 The bonding promoter 225 according to the third embodiment of the 

16 



invention, shown in Fig. 5, is made up of a rough face 225 formed on the surface 
of the lead 17b, on one side thereof. Such a rough face as described can be 
formed by providing the surface of the lead 17b with scratches, mechanical 
working through striking the surface with fine particles, or chemical working 
5 through localized corrosion caused by use of a chemical liquid, for example, 
sulfuric acid. 

In the clamping step, the bonding promoter made up of the rough face 225 
contributes to reliable and secure bonding of the respective leads 17b of the lead 
frame 17 with the respective solder balls 14, corresponding thereto, as with the 

10 case of the plated face 125. Further, in comparison with the protrusion 25 shown 
in the first embodiment, the rough face 225 is not required to be protruded in a 
more pronounced way as with the case of the plated face 125, so that according 
to the third embodiment, the lead frame 17 provided with the bonding promoter as 
described can be handled with greater ease during disposing work for disposing 

15 the lead frame 17 in a molding die 10, and so forth. 

Fourth Embodiment 

With a fourth embodiment of a method of fabricating a semiconductor 
package according to the invention, shown in Figs. 6 (A) to 6 (C), a recess 15 for 
20 accommodating a solder ball 14, formed in a lower molding die member 10b as a 
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first molding die member of be# Ha molding die 10 tliat also includes an upper 
molding die member lOa^ and tho l ower mo l ding die mombor 10b, composing a 
molding die 10> is mado up o f confiqured as a tapered hole. The previously 
described plastic layer 28b is not disposed inside the tapered hole 15. 
5 As shown in Fig. 6 (A), the tapered hole 15 is defined by a bottom face 15a 

in the shape of a circle of a diameter smaller than that of the solder ball 14, and a 
slanted inner peripheral face 15b rising at a taper angle — e from the bottom face 
15a such that the bore of the tapered hole 15 gradually increases towards a die 
face 13b of the lower molding die member 10b. As for the tapered hole 15, the 

10 diameter of the bottom face 15a, the taper angle — e of the slanted inner 
peripheral face 15b and the depth size thereof are set as 
appropr i ato aoproximatelv such that the apex of the solder ball 14 is exposed from 
the die face 13b towards a cavity 11 to a height B i n size e quivalent to 10 to 20% 
of the diameter of the solder ball 14 when the solder ball 14 is placed inside the 

15 tapered hole 15. 

The solder ball 14 is disposed directly inside the tapered hole 15 without a 
plastic layer 28b interposed therebetween so as to be in contact with the slanted 
inner peripheral face 15b of the tapered hole 15. The solder ball 14, the surface 
of which is in contact with the slanted inner peripheral face 15b of the tapered 

20 hole 15, is able to air-tightly seal between the solder ball 14 and the slanted inner 
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peripheral face 1 5b. 

With the embodiment shown in Fig. 6 (A), in order to further the enhance 
sealing performance between the solder ball 14 and the slanted inner peripheral 
face 15b of the tapered hole 15 receiving the solder ball 14, a negative pressure 
5 connection path 32 connected with a negative pressure source (not shown) is 
opened up in the bottom face 15a of the tapered hole 15. 

The solder ball 14 is caused to stick fast to the slanted inner peripheral face 
1 5b of the tapered hole 1 5 with certainty by the agency of a negative pressure 
acting on the bottom face 1 5a of the tapered hole 1 5 via the negative pressure 

10 connection path 32. By virtue of the placement system 18 described in the 
foregoing, the positioning of the lead frame 17 can be implemented such that a 
protrusion 25 serving as a bonding promoter provided on the respective leads 17b 
of the lead frame 17 is disposed opposite to the tapered hole 15, that is, the 
solder ball 14 placed inside the tapered hole 15. 

15 In a clamping step after disposing the solder ball 14 and the lead frame 17 in 

the molding die 10 as described above, both the upper and lower molding die 
members 10a and 10b are retained in a clamping position thereof as shown in Fig. 
6 (B). In the clamping position, the protrusion 25 and the solder ball 14 are kept 
in an atmosphere at a high temperature as with the cases of the previously 

20 described embodiments, and the protrusion 25 is subjected to a press-down force 
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acting towards the solder ball 14, exerted by a press-down part 16 provided on 
the upper molding die member 10a through the intermediary of the lead 17b. 

Accordingly, in the clamping step, the respective leads 17b are securely 
bonded to the respective solder balls 14 electrically and mechanically when the 
5 protrusion 25 of the respective leads 1 7b penetrates the respective solder balls 
14, corresponding thereto. 

In a sealing step, subsequent to the clamping step, a resin material is fed 
into the cavity 11 defined between the respective die faces 13a, 13b of both the 
molding die members 10a and 10b as shown in Fig. 6 (C). 

10 In the sealing step, the lead 17b is in a state wherein the protrusion 25 

thereof is securely bonded to each of the solder balls 14, corresponding thereto, 
and as with the previously described embodiments, the lead 17b together with a 
part of the solder ball 14, and the same semiconductor chip and bonding wire, as 
previously described, are covered by the resin material, thereby forming a sealing 

15 member 29 following curing of the resin material. 

In the sealing step, the solder ball 14 Is in air-tight contact with the slanted 
inner peripheral face 15b of the tapered hole 15, and is also caused to stick fast 
to, and to be retained by the slanted inner peripheral face 1 5b with certainty by 
the agency of the negative pressure. Accordingly, the resin material is prevented 

20 from intruding underneath the solder ball 14 through a gap between the slanted 
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inner peripheral face 15b of the tapered hole 15 and the solder ball 14. For this 
reason, the intrusion of the resin material underneath the solder ball 14 can be 
prevented without disposing the previously described plastic layer 28b inside the 
recess 15. 

5 Thus, with the method of fabricating the semiconductor package according 

to the fourth embodiment, it is possible to fabricate with relative ease a 
semiconductor package wherein the respective solder balls 14 are reliably and 
securely bonded to the respective leads 1 7b, and growth of an oxide film on the 
respective solder balls 14, interfering with soldering, can be checked. In addition, 

10 generation of few ^burrs covering the solder balls 14 can be prevented without the 
use of a filler (made up of the previously described plastic lave r) placed inside the 
recess 15 in order to prevent the resin material from passing through a gap 
between the sidewall face of the recess 15 and the solder ball 1 1 p l aced ins i do 
the r e cess 15 from i ntrud i ng und e rneath th e so l d e r ball 1 4. 

15 With the embodiment described above, neither the die face 13a of the 

molding die members 10a nor the die face 13b of the molding die member 10b is 
covered by the plastic layer (28a and 28b), however, the same plastic layer as 
previously described may be disposed as necessary on the die face 13a of the 
upper molding die members 10a in order to facilitate peeling off of the sealing 

20 member 29, or the same plastic layer as previously described may be disposed 



as necessary on the die face 13b of the lower molding die member 10b, excluding 
the tapered hole 1 5, in order to facilitate peeling off of the sealing member 29. 

Fifth Embodiment 

5 In the case of the fourth embodiment of the invention as shown in Figs. 6 (A) 

to 6 (C), there is shown an example where the lead 17b is provided with the 
bonding promoter. 

With a fifth embodiment of a method of fabricating a semiconductor package 
according to the invention, however, a solder ball 14 can be soldered to a 
10 predetermined spot of a lead 17b beforehand as shown in Figs. 7 (A) to 7 (C) 
without forming the previously described bonding promoter on the respective 
leads 17b of the lead frame 17 as with the embodiments described in the 
foregoing. 

As shown in Fig. 7 (A), a recess 1 5 made up of the same tapered hole as 
15 shown in the fourth embodiment is formed on a lower molding die member 10b as 
a first molding die member. A negative pressure can be introduced into the 
tapered hole 15 via a negative pressure connection path 32. 

With the method according to the fifth embodiment of the invention, since 
the solder ball 14 is bonded to the lead 17b beforehand, the positioning of the 
20 lead frame 17 can be implemented such that the solder ball 14 is opposed to the 
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tapered hole 15 as predetermined by disposing the lead frame 17 with the use of 
the placement system 18. 

As shown in Fig. 7 (B), in a clamping step, the solder ball 14 is pressed 
down towards a slanted inner peripheral face 15b of the tapered hole 15 by a 
5 press-down part 16 provided on an upper molding die member 10a as a second 
molding die member as with the case of the fourth embodiment, and also is 
caused to stick fast to, and retained by the slanted inner peripheral face 1 5b of 
the tapered hole 15 with certainty by the agency of a negative pressure applied 
via the negative pressure connection path 32. 

10 Accordingly, in a sealing step shown in Fig. 7 (C), as with the case of the 

fourth embodiment, the solder ball 14 is in air-tight contact with the slanted inner 
peripheral face 15b of the tapered hole 15, and is also caused to stick fast to, and 
to be retained by the slanted inner peripheral face 15b with certainty by the 
agency of the negative pressure as previously described. Accordingly, the resin 

15 material as previously described is prevented from intruding underneath the 
solder ball 14 through a gap between the slanted inner peripheral face 15b of the 
tapered hole 15 and the solder ball 14, so that the intrusion of the resin material 
underneath the solder ball 14 can be prevented. 

When the solder ball 14 is caused to stick fast to, and to be retained by the 

20 slanted inner peripheral face 15b with certainty by a sucking force caused by a 



negative pressure introduced into the tapered hole 15 via the negative pressure 
connection path 32, the press-down part 16 provided on the upper molding die 
member 10a can be dispensed with. 

With the fifth embodiment of the invention, as described in the foregoing, 
generation of bw Fburrs covering the solder balls 14 can be prevented without the 
use of a filler (made up of the previously described plastic lave r) placed inside the 
recess 15 in order to prevent the resin material passing through a gap between 
the sidewall face of the recess 15 and the solder ball 1 4 p l aced i noido tho rocoss 
15 from intruding undornoath tho so l dor ball 1^ . 

However, because the solder ball 14 is already soldered to the lead 17b prior 
to the sealing step by use of the resin material, and is exposed again to an 
atmosphere at a high temperature during the sealing step by use of the resin 
material, the surface of the solder ball 14 is prone to the formation of an oxide 
film. 

Accordingly, in order to check oxidation occurring to the surface of the solder 
ball 14, and to facilitate soldering with the solder ball 14, it is preferable to form 
the bonding promoter made up of the protrusions 25, the plated face 125, or the 
rough face 225 as previously described on the lead 17b, and to Implement 
bonding of the lead 17b with the solder ball 14 in the clamping step instead of 
soldering the solder ball 14 to the lead 17b beforehand as with the fifth 
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embodiment. 

In the foregoing, the-a_ball grid array package wherein the semiconductor 
chip is connected to the leads via the plurality of the bonding wires is describedy 
how e v e r . However the invention is applicable to not only the ball grid array 
5 package but also a flip chip type and other type of ball grid array packages. 

With the method of fabricating the semiconductor package according to the 
invention, since bonding of the bonding promoter provided on the electrically 
conductive member with the connection terminal corresponding to the bonding 
promoter can be implemented by the agency of a clamping force of both the 

10 upper and lower molding die members under heating, thereby the connection 
terminal is connected with the electrically conductive member with certainty under 
heating in the sealing step using resin, and further since the connection terminal 
is not exposed twice to an atmosphere at a high temperature, growth of an oxide 
film on the connection terminal can be checked. 

15 Thus, with the previously described method of fabricating the semiconductor 

package according to the invention, it is possible to fabricate with relative ease a 
semiconductor integrated circuit package wherein the electrically conductive 
member is connected with the connection terminal spherical in shape with 
certainty, and a semiconductor chip is mounted on a substrate with relative ease 

20 as compared with the conventional method. 



Further, with the semiconductor integrated circuit pacl<age obtained by the 
method of fabricating the semiconductor pacl<age described, since growth of the 
oxide film on the surface of the connection terminal is checked, it is possible to 
oxocuto a mount i ng wor k mount a component on a substrate such as a printed 
5 wiring board with ease as well as certainty as compared with the case of the 
conventional package. 

Still further, with the method of fabricating the semiconductor package 
according to another embodiment of the invention, since the recess for receiving 
the connection terminal spherical in shape is made up of the tapered hole as 

10 described in the foregoing, it is possible to prevent intrusion of the resin material 
such as a synthetic resin material by taking advantage of airtightness between the 
slanted inner peripheral face of the tapered hole and the surface of the 
connection terminal spherical in shape. 

Accordingly, with the method of fabricating the semiconductor package 

15 according to the invention described, the filler for preventing the resin material 
from intruding into a gap between the sidewall face of the recess and the solder 
ball is not used as in other cases, and consequently, intrusion of the resin material 
around the solder ball can be prevented without bringing about an increase in 
cost due to the use of the filler, 

20 Thus, the semiconductor integrated circuit package which does not require a 



deburring work for removing burr of the sealing member, generated due to tlie 
intrusion of the resin material around the connection terminal, that is, the solder 
ball, can be provided at a relatively low cost. 
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ABSTRACT 



A semiconductor package compr i s e s includes a semiconductor chip 
provided with a plurality of electric terminalsT - and a plurality of electrically 
conductive members electrically connected with the electric terminals , rospoctive l y 
a connection . Connection tormina! t erminals that are spherical in shaper - and 
made of solder — are electricallv connected with each of t he electrically 
conductive members , corresponding thereto, and a . A sealing member is used 
for sealing a -the semiconductor chip and the electrically conductive members, 
and for covering the connection terminals so as to allow a part thereof to be 
exposed. The electrically conductive members are provided with a-bonding 
promoter promoters f or promot i ng bond i ng th e r e of by so l d e r w i th th e conn e ct i on 
t e rm i na l spherical i n shap e , and are connected with the respective spherical 
connection terminals spher i cal i n shapo, corresponding thereto, at the respective 
bonding promoters. 
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